Where We Are Going

Near Term
A decade ago, users of Apple II and DOS computers had nearly full access to the computer. Various alternative access technologies of that time were able to generate all keyboard commands. The subsequent introduction of the richer graphical user interface of Macintosh and Windows, however, made access much more difficult for the person with a physical or sensory limitation. The user of a Morse code interface could easily generate keyboard commands but could not as easily pull down a menu. As computers became capable of using variablesized fonts, superscripting, and animation, the ability of persons with physical and sensory limitations to gain access to the information within a computer lost ground. Today, with each new version of an operating system or program, the user with a disability seems to require an upgrade to new assistive technology in order to gain access. Because of this ongoing cycle of move up and catch up, many assistive technology vendors are working as hard as they can just to maintain today's level of access.
Over the past few years, signs of progress have emerged. As access techniques are slowly being refined, computer programmers are beginning to consider accessibility in their design. sions do not provide full-featured access to the computer, they will show, to users who need such enhancements, that access to the computer is possible. Perhaps the most dramatic recent change in computer access has been the advances in speech input and output technologies. Over the next few years, the computer will become much more of a "conversationalist."
Research on "intelligent interface technologies" at Microsoft is moving in the direction of including both speech input and speech output as part of the standard computer (Microsoft Corporation, 2000) . Although such inclusion offers great hope for persons with low vision, it presents a substantial concern for persons with limited hearing. Many advocates of speech recognition see speech as an alternative to the standard keyboard. With current technologies, speech input does not allow production of printer-ready text as quickly as does the standard keyboard. Although current systems allow recognition rates in excess of 100 words per minute, they are fairly clumsy at managing corrections, rearranging text, and setting font characteristics. As the technology improves, many of us will be tempted to retire our keyboards and move to voice control and voice input. However, such a move will show us other limitations of speech.
The conversational interface, by its nature, is intrusive. Just as instructors abhor conversations between students during class lectures, they would be driven to distraction by conversational interaction with a note-taking device. Additionally, all current and future speech recognition systems (in the near term) will depend on the repeatability of the pronunciation of a word. Because of this demand, many persons with speech impairments will find the conversational interface unusable. Although with practice, the speech of a person with dysarthria may be understandable to the human ear, it is frequently too variable to be understood by any available computer technology. Current systems will allow flexible speech or a wide vocabulary but not both.
Long Term
Over the longer term, the challenge of providing computer access will become greater. Currently, we access the physical world in three dimensions and the computer in two. We use a very limited portion of our physical capabilities to control the computer but a greater portion of our capacity to control the real world. This, however, will not always be the case.
Virtual Reality and the Computer Interface
The leaders in virtual reality foresee the computer not as something you use, but as someplace you go. In the immersive environment of the future, the computer display will wrap around the user, including not just vision, but also hearing and touch. Rather than reading about a planned design, the computer user of the future will pick up a virtual object, turn it over in his or her hands, and use it in a digitally created world. Rather than double clicking on a file to open it, the future computer user may take a book off a virtual shelf and read from it or have virtual actors act out a story.
Note that all of the action words describing this interface are the terms that we use to describe the limitations of persons with physical disabilities. Persons with impairments have difficulty walking through real space, picking up and using real objects, or seeing and hearing the physical world. As the computer moves more and more into an interface that mimics the physical world, persons who have difficulty in the physical world will have more and more difficulty accessing the computer. This is the same problem that we had during the transition between the DOS (essentially linear) environment and the "windowing" (twodimensional) environment but magnified by a third dimension-the inclusion of sight, sound, and physical movement to the computer interface. Deficits in any of these areas will inhibit computer access.
The Invisible Computer
In parallel with the efforts to make the interface seem more real, other researchers are working to make the interface more invisible. Computers are primarily used as external methods of storing and sharing information that will no longer fit into our memories. In the far future, however, the computer will become an extension of our memories. The first stages of this transition are being made with currently developed "wearable computers" (Iannucci & MacIntyre, 2000) . Just as today we think back to the discussion with a coworker, we may, in the future, think back to the message sent to us by a colleague, "recalling" this new information just as we do the old without ever having to have "read" the message. We may, in the future, be able to "remember" seeing places where we have never been by having these memories supplied by computers and fed directly into our minds. Such technology would finally fulfill the promise of the World Wide Web, of giving us access to all of the information of the world at any time.
Ultimately, this technology will have major repercussions for persons with disabilities. Our memories begin just after the present instant. Computer technologies that allow us to remember things we have never seen also will allow us to remember the look of the world around us instantly, providing vision for persons who are blind. We will be able to remember the sound of a symphony that we have never heard, even if we are deaf. Such computer technology, although not designed for persons with sensory deficits, will automatically compensate for such deficits.
Education, in the world of integrated computers, will become a very different process from what it is today. Much of our time in education is spent "learning" facts, transferring them from the external world into our internal representation of the world. In the future, memory storage will not be an educational goal because all required information could be recalled from "external memory." The goal of education will center on locating the appropriate facts in our memories, manipulating them, and combining and modifying them to create new meaning. At long last, education can be about the application of information rather than just recording and storing it. The "recall of facts" will not be the measure of the educated person because everyone will be able to recall all facts. The ability to apply information to solve problems will be the goal and outcome of education in a fully connected future.
Over the short term, it does not appear that alternative access to computers is going to make remarkable strides. We are seeing efforts to refine and simplify the interface and to standardize some access techniques, but the basic access issues remain. The persons who require alternative access have restrictions in motor and sensory capabilities and cannot meet the demands of the modern interface. As the interface evolves to more fully use the motor and sensory channels of the user, this situation is likely to get worse rather than better.
Over the longer term, however, as we become more intimately related to our computers, as technology moves from usable to wearable to implantable, computer technology may allow people to focus more on the task to be performed than on the procedures for performing the task. Accessing a computer may become as easy as remembering the events of last week and may offer solutions to many of the physical and sensory restrictions that constitute disability. In the future world, we may finally achieve IBM's motto from the early 1980s: "Machines should work. People should think" (Müller, 2000) . ▲
Corrections
To "Dynamic Performance Analysis: A Framework for Understanding Occupational Performance" (January/February 2000,Volume 54 [1], p. 69): In figure 3 , the arrow coming off question three should have a yes, instead of a no over it and the line coming off 4c should join to 4c i, ii, and iii. The AJOT editorial staff regrets these errors and hopes that readers were not inconvenienced. ▲
